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Section  I 


Results 

In  order  to  significantly  increase  the  range  of  military 
aircraft,  the  U.  S.  Air  Force  is  contemplating  a  changeover  to 
higher  density  jet  fuels.  This  study  examined  the  potential 
availability  of  such  fuels  and  provided  analytical  data  obtained  on 
representative  samples.  Results  obtained  are  as  follows: 

Present  production  of  refinery  streams  that  would  meet 
tentative  high-density  specs  is  approximately  150,000 

bbl/day  or  about  501  of  military  usage. 

These  high-density  fuel  candidates  are  rarely  sold  as  jet 
fuel  due  to  their  low  smoke  point,  usually  being  blended 
off  or  sold  as  diesel.  Relaxing  smoke  point  specs  would 
make  them  Immediately  available. 

All  U.S.  tydrocrackers  have  the  potential  to  produce 

approximately  850,000  bbl/day  of  high-density  fuel,  or  85% 
of  total  U.S.  kerosene  type  jet  fuel  consumption.  Their 
production  would  be  primarily  at  the  expense  of  gasoline 
production. 

Straight-run  cuts  from  naphthenic  crudes  can  provide- as 
much  as  360,000  bbl/day  of  high  density  fuel.  Most  of 
this  material  would  require  some  Hydrotreating.  This 
production  would  be  at  the  expense  of  diesel  (#2  fuel  oil) 
production. 

Availability  of  high  density  fuels  over  the  long  term  Is 
excellent.  Hydrocracker  feed  Is  primarily  FCC  light  cycle 
oil,  which  Is  produced  In  the  U.S.  at  over  1  MM  bbl/day, 
and  U.  S.  naphthenic  crude  oils  have  a  higher  reserves  to 
production  ratio  than  normal  crudes. 

With  one  exception,  all  the  high  density  fuels  analyzed 
have  low  smoke  points  which  may  mean: 

(1)  Less  than  Ideal  engine  combustion  characteristics. 

(2)  Greater  than  desired  visibility  of  aircraft. 

*  The  tentative  JP-8X  (high  density  JP-8)  specs  appear  to  be 
attainable.  Tentative  JP-11  specs  appear  to  not  be 
attainable  using  the  HD  jet  sources  examined  here. 
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Section  II 


Introduction 


High-density  kerosene  type  jet  fuels  are  being  examined  by  the 
U.  S.  Air  Force  in  order  to  increase  the  range  of  volumetrically 
limited  military  aircraft.  Present  JP-8  fuels  range  from  37  to  51 
‘API  (0.775  -.840  g/cc)  and  contain  approximately  124,000  Btu/gal 
(net).  Target  high-density  fuels  of  less  than  37*API  (  0.84  g/cc) 
would  have  net  heating  values  greater  than  130,000  Btu/gal  and  could 
extend  aircraft  range  as  much  as  15%'^. 

Fuel  density  is  dependent  upon  molecular  size  and  molecular 
type.  The  molecular  size  of  kerosene  type  jet  fuel  is  restricted  on 
the  heavy  end  by  low  temperature  requirements  (viscosity,  freeze 
point)  so  the  fuel  will  flow  at  high  altitude  and  during  winter. 
Molecular  size  on  the  low  end  is  restricted  by  engine  requirements 
for  volatility  (flash  point,  vapor  pressure).  Therefore,  for 
present  jet  engines,  the  molecular  size  or  boiling  range  of  the  fuel 
cannot  be  significantly  altered  to  Increase  fuel  density. 

The  second  way  to  Increase  fuel  density  Is  to  alter  the 
molecular  type.  Present  kerosene  type  fuels  are  primarily  composed 
of  paraffins,  preferably  Isoparaffins.  These  molecules  are  high  In 
hydrogen  (CnH2«+2)  *nd  burn  cleanly.  But  they  are  relatively 
spacious  molecules  and  result  In  a  low-density  fuel.  Present  fuels 
also  contain  some  cycloparaffins  ((CnH2n)  and  aromatics  (CnHn)  which 
are  much  more  cocpact  molecules  and  contribute  to  a  more  dense 
fuel.  Generally,  the  aromatics,  which  are  the  densest  components, 
are  considered  to  be  undesirable,  because,  in  present  engines,  they 
do  not  burn  cleanly.  Therefore,  present  fuels  have  limits  on  total 
aromatics  content,  on  naphthalene  in  particular,  and  on  smoke  point, 
luml nometer  number,  or  hydrogen  content,  all  of  which  are  indicative 
of  aromatic  content. 

Since  greatly  increasing  the  aromatic  content  of  jet  fuels  may 
cause  problems  In  present  engines,  the  preferable  approach  Is  to 
Increase  the  cycloparaffin  (naphthene)  content.  Naphthenes  burn 
more  cleanly  than  aromatics,  containing  more  hydrogen,  and  they  have 
better  low  temperature  properties  than  aromatics.  Therefore,  most 
efforts  to  produce  high-density  jet  fuel  have  concentrated  on 
Increasing  the  naphthene  content  of  the  fuel.  These  approaches 
generally  Involve  tapping  different  hydrocarbon  streams  or  sources 
than  are  presently  used  for  jet  fuel,  and  altering  the  molecule  type 
by  chemical  reaction. 
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The  USSR  already  uses  a  high  density  fuel  In  some  applications 
as  was  proven  by  analysis  of  the  fuel  from  a  defected  Mlg  (1976, 
Project  Stablemate).  This  fuel  proved  to  be  primarily  composed  of 
hydrotreated  light  cycle  oil  (LCO)  from  the  catalytic  cracking  (FCC) 
process.  Subsequent  Investigations  funded  by  the  U.  S.  Air  Force 
concentrated  on  producing  a  similar  fuel  from  the  hydrotreating 
steam  cracker  light  pyrolysis  oil (2)  as  well  as  hydrotreating 
LC0(3)(4)(5) .  Numerous  have  also  been  conducted  on  the 

conversion  of  synfuels(6H7)(8)(9)  (coal  tar,  tar  sands  extract, 
shale  oil)  to  jet  fuels,  although  not  necessarily  high  density 
fuels.  All  the  above  work  has  confirmed  that  high  density  fuel  can 
be  readily  produced  but  not  necessarily  for  the  same  cost  as 
conventional  jet  fuel. 

J  4  A  Associates,  formerly  the  Tosco  Corporation  Research 
Center,  became  aware  of  these  studies  in  early  1985.  From  extensive 
experience  with  refinery  streams  and  naphthenic  crude  oils,  J  A  A 
personnel  judged  the  present  production  of  certain  refinery  streams 
could  satisfy  an  Immediate  high-density  fuel  need  and  some 
adjustments  In  refinery  operations  could  satisfy  conceivable  future 
needs  for  high-density  fuels.  Therefore,  J  A  A  Associates  submitted 
a  proposal  to  specifically  evaluate  two  sources  of  high  density  jet 
fuel: 


A.  Straight-run  cuts  from  naphthenic  crude  oils. 

B.  Refinery  hydrocracker  product  streams 

These  two  sources  were  to  be  examined  as  to  availability, 
quality  of  the  product,  and  the  need  for  further  processing 
(upgrading).  Results  of  that  study »  performed  during  August,  1985 
through  January.  1986,  are  reported  here. 
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Section  III 


Scope  of  Work 


The  scope  of  this  work  was  to  evaluate  the  present  and 
potential  availability  and  quality  of  JP-8X  (present  high  density  '• 

J P-8)  and  J P-1 1  (future  high  density  fuel)  from  these  two  sources:  ~  * 

t 

A.  Naphthenic  crude  oils  in  the  continental  U.S. 

B.  U.  S.  Refinery  hydrocracker  streams 


Other  souces  of  high  density  jet  fuel,  such  as  synfuels,  and 
processes  not  yet  in  use,  were  excluded  from  this  study.  This  study 
also  excluded  foreign  crude  oil  and  foreign  refineries.  Analyses 
performed  were  limited  to  those  listed  in  the  "Statement  of  Work, 
Subcontract  G-9046(8827)-544"  (Attached  as  Appendix  B). 

Primary  tasks  of  this  work  were: 

A.  Identification  of  U.  S.  naphthenic  crudes,  their  rate  of 
production  and  the  reserves  remaining. 

B.  Analysis  of  JP-8X  and  JP-11  cuts  from  representative 
crudes,  comparison  with  tentative  specs,  and  performing 
limited  upgrading  test. 

C.  Survey  of  U.  S.  hydrocrackers  and  procurement  of  JP-8X  and 
OP-11  candidates. 

D.  Analysis  of  samples,  comparison  with  tentative  specs,  and 
re-dlsti llatlon  If  necessary. 

£.  Estimation  of  present  and  potential  production  of  high 
density  Jet  fuel  from  both  sources. 
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Section  IV 


Naphthenic  Cnide  Oils  as  a  Source  of  High  Density  Jet  Fuel 

Present  jet  fuels  consist  primarily  of  straight-run  (virgin) 
fractions  from  conventional  crudes.  These  conventional  crudes  are 
predominately  paraffinic  and  result  in  jet  fuels  that  are 
approximately  50%  paraffins  in  composition.  Crude  oils  that  contain 
high  proportions  of  naphthenes  (cyclic  paraffins)  will  result  in  jet 
fuels  high  in  naphthenes  and  thus,  greater  in  density  than 
conventional  fuels. 

A.  Work  Performed 


In  order  to  identify  napthenic  crudes,  determine 
availability  now  and  In  the  future,  and  assess  the  quality  of  the 
resulting  jet  fuel,  these  tasks  were  undertaken: 

1.  A  crude  oil  survey  was  conducted  using  the  NIPER 

(Bartlesville  Energy  Technology  Center)  crude  oil  data 
base  which  contained  over  9000  U.  S.  crude  assays. 
Naphthenic  crudes  were  identified  by  (a)  crude  oil 
classification  labels  (b)  the  Bureau  of  Mines  Correlation 
Index  (c)  densities  of  fractions  In  the  kerosene  range, 

and  (d)  PNA  analyses,  where  available. 

2.  Geographic  locations  of  the  crudes  Identified  above  were 

plotted,  and  Individual  oils  were  condensed  Into  fields  or 
geographic  areas.  These  fields  were  then  matched  against 
established  fields  for  which  production  and  reserve  data 
were  known. 

3.  Certain  fields  were  targeted  either  because  of  size  or 

geographic  diversity.  Then,  pipelines  or  wells  within 
these  fields  were  targeted  In  order  to  obtain 

representative  samples. 

4.  Crude  oil  samples  were  obtained  and  fractionated  by  True 

Bolling  Point  apparatus  (TBP,  or  15/5  distillation)  to  the 
desired  high  density  jet  fuel  boiling  ranges. 

5.  The  jet  cuts  were  then  analyzed,  and  compared  with 

tentative  high  density  fuel  specifications. 

6.  Several  samples  that  failed  to  meet  specs  were 

re-distilled,  blended,  or  upgraded  (clay  treatment, 
tydrotneatlng). 

B.  Results 


The  worK  described  above  proved  that  high  density  Jet  fuel  can 
be  made  from  the  straight-run  fractions  of  naphthenic  crudes.  It 
also  generated  the  estimate  below  on  the  potential  availability  of 
one  high  density  fuel  under  consideration,  JP-8X. 
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Table  1 


TENTATIVE  SPECIFICATIONS  FOR  HIGH  DENSITY  JET  FUELS 


Conventlal 


Near  Tern  HD 


Future  HD 

Jim 


"API  Gravity 
Specific  Gravity,  g/cc 
Smoke  Pt,  m 
Freeze  Point,  *F 
Vis  at  -4  *F,  cs 
Vis  at  *40*F,  cs 
Aromatics,  vol  % 

D-86  Boil  Range,  *F 
Flash  Point,  *F 
Sulfur,  wt  * 

JFTOT  (Thermal  Stability) 
Pressure  drop  ,  inn  Hg 
Tube  Deposit  Nuntoer 


36-48  37-51  <37  <  25.7 

0.788-0.845  0.775-0.840  >  0.840  >  0.900 

>19  >  25. OH)  >15.0 

<  -51  <-58  <  -51  <-51 

8.0 

<16.5  at  -30  —  <20  <40 

<25  <25 

550  EP  572  EP  360-570  360-700 

>  140  >  100  >  140 

^  0.4  <  0.4  <  0.4 

Pass  260*C  Pass  260*C 

<25  <25 

<3  <3 


(1)  20  ran  and  less  than  3%  naphthalenes  is  an  alternate  spec 


Table  2 


NAPHTHENIC  CRUDE  LOCATIONS* 


State 


#  of  Crudes  Counties 


Arkansas 


Ouachita,  Union,  Nevada 


California 


Kern,  Los  Angeles,  Santa  Barbara, 
Monterey,  Fresno,  San  Louis  Obispo, 
Ventura,  Santa  Clara,  off  shore. 


Col  orado 


Routt 


Illinois 


Union 


Louisiana 


Iberia,  Caddo,  Vermillion,  Calcasieu, 
Acadia,  St.  Martin,  Iberville, 
Terrebonne,  Ascension,  Cameron,  La 
Salle,  La  Fourche,  Plaguenrf  nes. 
Bossier,  off  shore  (Main  Pass,  South 
Pass) 


Kansas 


Labette,  Allen,  Neosho,  Montgomery 


Texas 


Harris,  Jefferson,  Refugio,  Victoria, 
Galveston,  Duval,  Jackson,  Brazoria, 
Wharton,  Orange,  San  Patricio,  Nueces, 
Van  Zandt,  Polk,  Hardin,  Me  Mullen, 
Jim  Hogg,  Goliad,  Pecos,  Atascosa, 
Hidalgo,  Liberty,  Fort  Bend,  Zapata, 
Webb,  Matagorda,  Chanters,  Kleberg, 
Washington,  Austin,  Starr,  Bee,  Live 
Oak 


WasM  ngton 


Jefferson 


Wyoming 


Natrona,  Sublette,  Weston 


*  Results  from 
(Bartlesville 


a  search  of  the  over  9000  assays  In  the  NIPER 
Energy  Technology  Center)  crude  oil  data  bank. 
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ESTIMATE  OF  JP-8X  AVAILABLE  FROM  NAPHTHENIC  CRUDES 


Naphthenic  Crude 

State 

Annual  Production 

X  SR  Jet  Fuel 

Potential  JP-8X 

Calif. 

311.1  MM  Bbl 

15 

46.7  MM  bbl /year 

Texas 

41.2  MM  Bbl 

35 

14.4  MM  Bbl /year 

Louis,  Ark. 

14.6  MM  Bbl 

25 

3.7  MM  Bbl /year 

TOTALS 

366.9  MM  "Bbl 

60  *=  0.18  MM  Bbl/day 

Blended  with  conventional 

streams 

=  0.36  MM  Bbl/day 

JP-8X  Is  a  near-term  high  density  fuel  having  essentially  all 
the  properties  of  conventional  JP-8  except  for  greater  density  and  a 
lower  smoke  point.  A  second  high  density  fuel  under  consideration 
Is  JP-11,  a  second  generation  or  future  fuel.  The  specifications  on 
JP-11  are  much  more  difficult  to  meet  and  straight-run  fractions 
from  naphthenic  crudes  could  not  qualify  as  JP-11.  The  difficulty 
of  meeting  JP-11  specs  will  be  examined  as  specific  crudes  are 
discussed.  The  tentative  specifications  for  JP-8X  and  JP-11  are 
given  In  Table  1. 

C.  Discussion 


The  NIPER  crude  oil  data  bank  search  and  In-house  crude 
assay  data  resulted  In  Identifying  502  naphthenic  crudes,  less  than 
6X  of  the  assqys  examined.  Of  these,  only  364  crudes  contained 
enough  material  In  the  kerosene  boiling  range  to  be  considered.  The 
locations  of  these  crudes  are  given  In  Table  2  and  Figure  1.  From 
Figure  1  It  Is  seen  that  naphthenic  crujes  are  found  primarily  In 
California  and  along  the  Gulf  Coast  and  are  not  found  In  the  large 
producing  areas  of  Texas  and  Oklahoma. 

Table  3  gives  the  results  of  matching  those  Individual 
crudes  to  large  fields  that  have  production  and  reserve  data.  Table 
3  also  Indicates  which  crude  oil  samples  were  requested  and 
obtained.  The  process  of  classifying  these  fields  as  naphthenic 
Involves  some  risk,  since  different  oils  can  be  produced  from 
different  levels  and  since  ass*y  data  may  not  be  representative  of 
the  whole  formation.  However,  the  NIPER  data,  obtained  before 
defining  the  fields,  and  the  data  obtained  on  the  samples  actually 
received,  were  In  good  agreement,  confirming  the  nature  of  the 
targeted  fields. 

Table  3  shows  the  largest  naphthenic  crude  oil  production  by  far 
is  in  California  (85X  of  naphthenic  production),  and  particularly  In 
the  San  Joaquin  Valley  (60S  of  naphthenic  production).  Reserves 
estimated  In  these  fields  presently  give  a  13  year  supply,  and 
California  reserve  estimates  have  been  Increasing,  due  to  greater 
application  of  enhanced  recovery  methods'7'. 

The  Gulf,  coast  area  also  contains  significant  naphthenic  crude 
resources.  These  fields  have  been  In  production  for  many  years  and 
at  present  rates  of  production  contain  slightly  less  than  10  years 
of  reserves. 

*  The  primary  blending  stream  considered  Is  straight-run  from 
Alaskan  North  Slope  Crude.  This  material  by  Itself  almost  meets 
JP-8X  specs.  ANS  crude  Is  produced  at  the  rate  of  600.9  MM 
Bbl/d^y  and  contains  18  vol  X  JP-8X  boiling  range  material. 
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Table  3 


U.S.  NAPHTHENIC  CRUDE  RESERVES,  JANUARY  1985 
Annual 


Production  Estimated 


State 

Field 

WTBBL" 

Cum  Prod,  m  Bbl 

Reserves,  Ml  bbl 

Arkansas 

Smackover 

3.8 

543 

18* 

California  S.  Bel  ridge 

43.0 

430 

364* 

Buena  Vista 

2.0 

641 

19 

Coal 1 nga 

9.7 

710 

84 

Cymric 

5.0 

171 

38 

Elk  Hills 

56.2 

734 

795* 

Frultvale 

1.0 

112 

12 

Kern  Front 

2.5 

165 

25 

Kern  River 

48.1 

1014 

983* 

McKIttrlck 

4.6 

254 

28 

Midway  Sunset 

47.5 

1652 

489* 

Total  SJV  Valley 

7TO 

3553 

7537 

Cat  Can/on 

5.1 

274 

65 

San  Ardo 

8.1 

384 

154* 

Santa  Marla  Valley 

3.0 

190 

51 

Beta 

15.0 

23 

—  400* 

Brea  Ollnda 

2.7 

375 

68 

Huntington  Beach 

9.2 

1039 

89 

Inglewood 

3.6 

333 

64 

Long  Beach 

3.4 

899 

31 

Montebello 

0.5 

190 

4 

Torrance 

2.5 

205 

11 

HI  1»1  ngton 

38.4 

2149 

393 

Total  California 

3TTT 

1T94T 

TIFT 

Louisiana 

Caddo-PIne  Island 

4.3 

346 

20** 

Jennl  ngs 

0.4 

115 

2 

Lake  Pel to 

0.6 

115 

20 

Vinton 

0.6 

135 

2 

South  Pass,  Blk  27 

2.3 

116 

85 

Main  Pass,  Blk  306 

2.6 

70 

82** 

Total  Louisiana 

TO 

597 

7TT 

Texas 

Greta 

1.3 

144 

17 

Lake  Pasture 

2.6 

74 

24 

Tom  O'Connor 

19.2 

697 

123* 

West  Ranch 

5.0 

369 

20 

Magnet  Hi  thers 

2.5 

104 

10 

Thomson 

6.6 

457 

49* 

Van 

4.0 

508 

46 

Total  Texas 

TT7Z 

7353 

“759 

Kyomlng 

LAK 

— 

— 

20* 

TOTAL  U.S. 

366.9 

15737 

4705 

A1 1  US  Crudes 

3258 

•  ™ 

28,446 

Naphthenic  Crude,  1  of  Total 

11.31 

— 

16. 51 

• 

*  Samples  received  and  analyzed. 

**  Sables  requested  but  not  received. 

Production  data  from  Petroleum  Information,  Denver. 

Reserve  data  from  Oil  and  Gas  Journal;  Energy  Information  Administration. 
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Another  pocket  of  naphthenic  crudes  Is  found  in  Northern 

Louisiana  and  Southern  Arkansas.  Again,  these  fields  are  old  and 

contain  about  five  years  of  reserves. 

Naphthenic  crude  production  (11.3%  of  total  U.S.)  and  reserves 
(16.5%  of  total  U.S)  are  greater  than  the  crude  search  suggested. 
This  m*y  be  because  the  NIPER  crude  data  bank  is  heavy  on  Oklahoma 
and  Central  Texas  crudes  and  deficient  in  off-shore  assays.  This 
lack  of  data  on  off-shore  crudes,  particulary  Louisiana,  is  an 
uncertain  area  in  this  program.  Most  efforts  to  obtain  off-shore 

assoy  data  and  samples  were  unsuccessful  and  thus  the  extent  of 
naphthenic  production  and  reserves  in  the  Gulf  of  Mexico  is 
unknown.  However,  If  20%  of  those  crudes  are  naphthenic,  an 

additional  20  MM  Bbl  can  be  added  to  the  annual  production  and 
another  600  MM  Bbl  to  the  reserve  data  in  Table  3. 

The  crude  oil  samples  requested  were  generally  pipeline  samples 
representative  of  the  field.  Of  course,  pipeline  oil  compositions 
may  vary  with  time  and  with  sampling  point  along  the  line,  therefore 
Introducing  some  uncertainty  Into  this  study.  Pipelines  present  a 
major  problem  In  isolating  certain  crude  oils  because  all  manner  of 
crudes  are  blended  in  along  the  way.  Thus,  most  naphthenic  crudes 
arrive  at  refineries  diluted,  having  lost  their  Identities  and  their 
ability  to  produce  high  density  jot  fuels. 

In  California's  San  Joaquin  Valley,  this  is  not  a  problem.  The 
fields  are  sufficiently  large  and  similar  enough  that  pipeline 
samples  at  the  refinery  are  similar  to  well-head  samples.  Thus, 
unless  the  pipeline  crude  Is  mixed  with  paraffinic  crude  at  the 
refinery  (such  as  Chinese  or  Indonesian),  production  of  naphthenic 
jet  fuel  could  be  easily  acconpl  Ished. 

Along  the  Gulf  Coast,  It  Is  more  difficult  to  Isolate  naphthenic 
crudes.  Here,  dedicated  pipelines,  extra  tankage,  and  blocked-in 
production  runs  may  be  needed  In  order  to  produce  naphthenic  jet 
fuel.  Offsetting  these  difficulties  is  the  overall  better  quality 
of  the  Gulf  Coast  naphthenic  crudes  as  compared  to  the  California 
crudes,  which  would  minimize  extra  processing  costs.  Figure  2 
illustrates  the  refinery  units  needed  to  produce  JP-8X  from 
naphthenic  crudes. 

The  specific  crude  oils  evaluated  were  as  follows: 

California:  San  Joaquin  Valley  Composite  Crude 

Beta  Crude 
San  Ardo  Crude 
Texas:  Manvel  Crude 

Refugio  Crude 

Arkansas:  Snack over  Crude 

Wyoming:  LAK  Crude 

* 

The  SJV  composite  crude  actually  represented  the  three  major 
heavy  crudes  In  the  valley,  as  In  shown  In  Table  4.  Results 
obtained  on  the  conposlte  are  believed  to  pertain  equally  to  South 
Beliidge,  Midway  Sunset,  and  Kern  River  crudes.  The  other  SJV -crude 
considered  was  Elk  Hills.  However,  Elk  Hills  samples  proved 
variable  In  composition  (Table  4),  and  therefore  these  samples  were 
not  evaluated  In  this  study*  Although  the  Elk  Hills  samples  showed 
high  levels  of  either  paraffins  or  aromatics,  they  were  primarily 
naphthenic  and  would  produce  high  density  fuels. 


PRODUCTION  FROM  NAPHTHENIC  CRUDE 


Table  4 


SAN  JOAQUIN  VALLEY  CRUDE  COMPARISON  * 


SJV 

Elk 

Pipeline 

Midway 

Kern 

South 

Hills 

Saople 

Sunset 

River 

Belrl dge 

Shallow 

Crude  aAPI  60/60 

14.1 

13.7 

13.3 

13.7 

27.8 

Wt  X  S 

1.06 

1.20 

1.11 

1.02 

0.70 

Wt  X  N 

0.66 

0.69 

0.74 

0.75 

0.37 

Ut  X  Con  C 

7.00 

6.76 

7.64 

6.39 

3.76 

IBP  340*F,  vol  * 

1.1 

1.2 

None 

None 

22.6 

340-580‘F.  vol  X 

14.7 

14.3 

13.0 

15.5 

24.2 

‘API  60/60 

29.5 

29.5 

28.4 

30.5 

32.5 

Wt  X  S 

0.36 

0.45 

0.39 

0.34 

0.29 

Wt  X  N 

0.02 

0.02 

0.03 

0.02 

0.01 

380-480*F  Mass  Spec  Analysis 

Paraffins,  wt  X 

3 

1 

8 

5 

8 

Naphthenes,  wt  X 

82 

85 

79 

74 

63 

Aromatics,  wt  X 

15 

14 

13 

21 

29 

480-520 *F 

Smoke  Pt,  m 

15.2 

14.0 

15.5 

14.2 

12 

Aniline  Pt.  *F 

132 

125 

132 

131 

119 

*  Samples  received  at  the  Rocky  Flats  Research  Center, 

Conclusion:  (1)  The  SJV  pipeline  sanple  Is  representative  of  the 
three  Major  heavy  San  Joaquin  Valley  Crudes. 

(2)  The  Elk  Hills  resource  Is  variable  In  composition 
and  not  as  naphthenic  as  the  other  Major  SJV  Crudes. 


Elk 

Hills 

Stevens 

35.5 

0.50 

0.30 

2.57 

33.3 

24.8 

37.2 

0.17 

0.01 


29 

51 

20 


15 

138 
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Beta  Crude  was  chosen  because  it  represents  a  new  find  (1976)  as 
well  as  being  representative  of  Los  Angeles  basin  naphthenic 
crudes.  It  is  an  off-shore  San  Pedro  crude  very  similar  to  the 
giant  Wilmington  field. 

San  Ardo  Crude  was  examined  because  it  is  a  large  field, 

geographically  removed  from  the  above  fields,  and  It  has  been  the 
subject  of  other  upgrading  studies'8).  These  three  California 
samples  are  believed  to  adequately  represent  the  naphthenic  crude 
resources  of  California. 

In  Texas,  many  smaller  fields  exist  and  adequately  representing 
them  Is  difficult.  Therefore  random  crudes  from  the  two  largest 
fields  were  procured.  Manvel  Crude,  from  Brazoria  County,  south  of 
Houston,  represents  the  Thomson  resource,  while  Refugio  Cruoe 

(Refugio  County,  north  of  Corpus  Christl)  represented  the  Tom 
O'Connor,  Greta,  and  Lake  Pasture  resources. 

For  the  Northern  Louisiana/ Southern  Arkansas  region,  Smackover 
Crude  was  examined.  A  Caddo-PIne  Island  sample  (near  Shreveport) 
had  also  been  requested  but  failed  to  arrive  in  time  for  analysis. 

In  Wyoming,  a  crude  that  was  unusally  high  In  naphthenes  was 

discovered.  Although  this  crude  (LAK)  was  barely  In  production  (10 
Bbl/day),  the  size  of  the  resource  (50  MM  Bbl  in  place)  and  the 
geographic  location  made  this  crude  worthy  of  study. 

For  Southern  Louisiana,  two  crude  samples  had  been  requested, 
one  from  Main  Pass  production  (off-shore,  east  of  New  Orleans)  and 
one  from  a  pipeline  outside  of  New  Orleans.  Neither  of  these 

staples  arrived  In  time  for  analysis  and  therefore  no  results  are 
available  for  southern  and  off-shore  Louisiana. 

Alaskan  North  Slope  Crude  was  also  examined  but  only  as  a 
blending  stock  since  It  Is  an  Intermediate  crude.  ANS  production 
and  reserves  are  greater  than  the  total  naphthenic  crudes  given  In 
Table  3  and  could  thus  double  the  availability  of  JP-8X. 

TBP  distillations  performed  on  these  crudes  In  order  to  obtain 
the  jet  fractions,  are  given  In  Appendix  1.  Analytical  results  on 
the  JP-8X  and  J P-1 1  fractions  are  given  In  Tables  5  and  6, 
respectively.  The  results  for  each  crude  are  Individually  discussed 
below. 


San  Joaquin  Valley  Composite  Crude 

This  crude  oil  Is  heavy  (14*API),  containing  very  few  light  ends 
(1%  gasoline),  and  being  high  In  nitrogen  (0.6  wt  X).  Distillation 
yields  about  15  vol  1  of  JP-8  range  material,  but  this  jet  cut  is 
deficient  In  light  ends.  The  high  nitrogen  content  also  makes  the 
Jet  cut  unstable  and  hydrotreating  Is  almost  certainly  required. 
Sulfur  content  Is  marginal,  and  as  distilled,  the  viscosity  at  -40*F 
Is  too  high  for  JP-8X.  The  viscosity  can  readily  be  adjusted  by 
blending  In  lighter  material  or  by  taking  the  final  cut  at  a  lower 
temperature.  The  density  and  freeze  point  are  much  better-  than 
specs. 
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TABLE  5 

Straight-Run  JP-8X 
Candidates  from  Naphthenic  Crudes 


Light  hydrotreating  (700  psig,  650°F)  of  a  60/40  blend  of  SJV 
distillate  and  Alaskan  North  Slope  distillate  also  yields  an 
excellent  JP-8X,  as  is  shown  in  Table  5.  This  sample  is  an  actual 
refinery  stream,  produced  at  the  rate  of  6600  Bbl/day.  Presently 
this  stream  is  part  of  the  #2  fuel  oil  (diesel)  production  and  is 
not  sold  as  kerosene  or  jet  fuel.  Other  California  refineries  that 
process  primarily  SJV  crude  are  expected  to  have  similar  streams. 

Thus,  SJV  crude  definitely  has  potential  as  a  source  for  JP-8X. 
However  JP-11  cuts  (360-700°F)  from  SJV  crude  are  unable  to  meet 
both  density  and  low  temperature  viscosity  specs  (Table  6). 
Hydrotreating  will  again  be  required  which  will  make  the  cuts  less 
dense  (higher  in  API  gravity)  but  have  little  effect  on  low 
temperature  properties.  Severe  hydrotreating  of  SJV  diesel  in  fact 
produced  a  JP-11  cut  that  met  neither  the  gravity  spec  nor  the  low 
temperature  viscosity  spec  (Table  7). 

Beta  Crude 

Beta  Crude  is  also  a  heavy  crude  (16*API),  high  in  sulfur  (3.4%) 
and  nitrogen  (0.7%)  but  containing  substantial  light  material  (about 
10%).  Upon  distillation  it  yields  about  14%  jet  fuel.  As  is  the 
case  with  SJV  distillate,  this  cut  is  unstable  and  requires 
hydrotreating.  The  sulfur  content  is  also  high  (2.3%)  but  this  may 
be  partially  from  contamination  from  Hondo  Crude,  which  is  very  high 
in  sulfur.  (Beta  and  Hondo  were  stored  in  the  same  tankage  at  the 
Beta  sampling  point).  Although  the  Beta  jet  cut  Is  not  as  dense  as 
the  SJV  cut  and  the  low  temperature  properties  are  not  as  good,  the 
jet  cut  should  meet  the  tentative  JP-8X  specs  after  hydrotreating. 

Beta  is  also  not  expected  to  make  acceptable  JP-11.  Since  both 
San  Ardo  and  SJY  appeared  to  be  better  JP-11  sources  than  Beta  and 
since  both  failed,  a  Beta  JP-11  cut  was  neither  taken  nor  analyzed. 
Hydrotreating  tests  were  also  not  performed  on  Beta  fractions. 

San  Ardo  Crude 

San  Ardo  Crude  Is  the  heaviest  (13*API)  and  highest  nitrogen 
content  (0.9%)  crude  of  the  California  crudes  examined.  It 
contains  2%  sulfur  and  has  about  2%  light  material  (-350*F). 
However,  It  yields  a  greater  volume  (19%)  and  greater  density  jet 
cut  (29.1  *  API )  than  the  crudes  examined  above.  As  with  the  above 
crudes,  hydrotreating  will  be  required  to  remove  nitrogen  and  sulfur 
and  produce  a  thermally  and  oxidatively  stable  fuel.  Unfortunately, 
no  pilot  plant  tests  were  completed  on  San  Ardo  distillate. 
Hydrotreating  results  are  expected  to  be  similar  to  those  obtained 
on  SJV  distillate,  however,  except  In  that  hydrogen  consumption  will 
be  higher. 

Again,  San  Ardo  Is  not  expected  to  make  JP-11  specs.  A 
250-650*F  fraction  exhibits  the  desired  low  temperature  properties 
(Table  6)  but  the  API  gravity  Is  3*  too  high  and  Is  expected  to  be 
several  degrees  higher  after  Itydrotreatlng. 


TABLE  6 

Potential  JP-11  Candidates 
from  Naphthenic  Crudes 
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Manvel  Crude 


Manvel  Crude  from  Texas  is  a  sweet  (0. 2%  sulfur),  low  nitrogen 
(0.02$),  medium  gravity  crude  (27°API).  Upon  distillation,  it 
yields  32%  of  31.4‘API  jet  fuel.  However,  the  low  temperature 
viscosity  on  this  cut  is  a  little  high  and  the  cut  point  should  be 
lowered  about  30"F  to  make  specs.  As  distilled,  the  smoke  point  was 
18.4  mm,  better  than  most  other  JP-8X  candidates.  This  straight-run 
product  has  no  stability  problems  and  appears  to  make  an  exceptional 
JP-8X.  This  material  is  currently  being  produced  at  the  Texaco  Port 
Arthur  refinery  at  the  rate  of  1600  Bbl/day  and  is  blended  with  more 
paraffinic  streams  and  sold  as  avjet.  (The  Port  Arthur  refinery 
trucks  in  naphthenic  crudes  for  use  in  naphthenic  lube  oil 
production) . 

The  JP-11  cut  almost  meets  the  low  temperature  specifications 


but  is  5*  higher  than  desired  in  API  gravity. 

1  impossible  to  satisfy  both  density  and 
requirements.  Relaxation  of  the  density  spec 
qualify  Manvel  Crude  as  a  source  of  'P-11. 

Refugio  Crude 


Again,  it  appears 
low  temperature 
to  30* API  might 


Refugio  Crude,  also  from  Texas,  is  a  relatively  light  crude 
(33*API),  low  in  sulfur  (0.2%)  and  nitrogen  (0.03%).  Upon 
distillation,  it  yields  almost  43%  of  jet  fuel  range  material.  This 
cut  passes  all  JP-8X  specs  except  it  is  6°F  high  on  freeze  point. 
Distilling  to  a  lower  end  point  should  lower  this  freeze  point  and 
may  improve  the  marginal  smoke  point  (15.3  mm).  Refugio  JP-8X 
should  not  need  extra  upgrading  except  perhaps  a  cl^y  treatment. 

Due  to  a  high  paraffin  content  (24%  in  the  JP-8X  fraction)  the 
Refugio  JP-11  cut  cannot  make  the  low  temperature  specs  (Table  6). 
The  API  gravity  is  also  much  higher  than  desired,  and  adjustment  of 
the  JP-11  density  spec  will  not  help  Refugio  crude  qualify. 

Smackover  Crude 

Smackover  Crude  from  Arkansas  is  a  medium  gravity  (24*API) 
medium  sulfur  (2%),  moderate  nitrogen  content  (0.05%)  crude.  It  Is 
not  as  highly  naphthenic  as  the  other  crudes  examined  and  is 
classified  as  "Intermediate*  (between  paraffinic  and  naphthenic). 
Upon  distillation.  It  yields  almost  24%  JP-8  range  material  that 
meets  all  the  JP-8X  specs  except  for  smoke  point  (14.4  mm)  and 

stability.  The  stability  problems  are  due  to  high  sulfur  (0.4%)  and 
nitrogen  content  (0.01%)  and  should  be  eliminated  by  light 

hydrotreating.  It  Is  not  known  whether  this  will  also  Improve  the 

smoke  point,  since  no  hydrotreating  tests  were  performed  on 

Smackover  distillate. 


As  with  Refugio  Crude,  Smackover  JP-11  cannot  pass  low 
temperature  specs  due  to  a  high  paraffin  content.  It  also  appears 
that  relaxation  of  the  density  spec  will  not  help  Smackover  JP-11. 


Tabl e  7 


HYDROTREATING  OF  SAN  JOAQUIN  VALLEY  DISTILLATE 
Hydrotreating  Conditions 


Catalyst  used 

Union  HC-Fa 

Reactor  temperature,  °F 

720 

Reactor  pressure,  psig 

1450 

Hydrogen  input  rate,  SCF/bbl 

3419 

Liquid  hourly  space  velocity 

1.008 

Hydrotreating  Results 

Hydrogen  consumption,  SCF/bbl 

491 

Sulfur  reduction,  X 

99.69 

Nitrogen  reduction,  X 

99.94 

Mass  balance  closure,  wt  X 

99.82 

Vol  X  recovered  as  oil 

102.37 

Analytical  Results 


Whole 

Whole 

JP-8X 

JP-11 

Feed 

Product  Oil 

Cut 

Cut 

Vol  X  of  crude 

19.4 

19.9 

15.9_ 

18.4 

Vol  X  of  whole  product 

— 

100.0 

80.0(D 

92.7(1 2) 

API  Gravity 

26.9 

32.7 

32.1 

31.7 

Specific  Gravi  ty 

0.8933 

0.8618 

0.8650 

0.8670 

Ht  X  Carbon 

86.88 

86.78 

NA 

NA 

Wt  X  Hydrogen 

12.53 

13.22 

NA 

NA 

Wt  X  Sulfur 

0.54 

17  wppm 

NA 

NA 

Wppm  Nitrogen 

518 

0.3 

NA 

NA 

Freeze  Point,  *F 

NA 

NA 

-67 

-69 

Vi  s  at  -40*F,  cs 

NA 

NA 

49.0 

62.3 

Smoke  Point,  mm 

D-86  Distillation,  *F 

NA 

NA 

16.2 

NA 

IBP/5X  distilled 

452/476 

151/213 

355/438 

NA 

10/20 

485/498 

399/457 

452/469 

30/40 

513/526 

482/497 

483/494 

50/60 

540/553 

511/525 

506/518 

70/80 

567/581 

538/558 

531/545 

90/95 

599/617 

579/585 

566/581 

EP 

619 

589 

585 

JF  TOT 

NA 

NA 

Submitted 
for  testing 

NA 

(1)  7.3  vol  X  topped,  12.7  vol  X  bottoms  rejected. 

(2)  7.3  vol  X  topped,  no  bottoms  rejected. 

NA  Not  analyzed. 
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LAK  Crude 


LAK  Crude  from  Weston  County,  Wyoming  is  a  heavy  crude  (19°API), 
lacking  in  light  material,  low  in  sulfur  (0.4%)  and  relatively  high 
in  nitrogen  (0.2%).  It  is  an  undeveloped  field  containing 
approximately  50  MM  Bbls  and  is  of  interest  because  of  its  highly 
naphthenic  character  and  its  geographic  location.  During  the 
initial  crude  oil  survey,  a  number  of  crudes  similar  to  LAK  turned 
up  in  various  parts  of  the  country,  but  most  of  them  were  dismissed 
because: 

(1)  They  contained  insufficient  light  material  to  make 
full-range  jet  fuel. 

(2)  They  were  isolated  crudes  that  could  not  be  matched  to 
large  producing  areas 

(3)  It  was  assumed  these  crudes  would  lose  their  identities  in 
pipeline  blends  and  could  not  be  economically  isolated  for 
processing. 

LAK crude  proves  that  even  in  the  more  remote  areas  of  the  U.S.  it 
may  be  possible  to  produce  high  density  jet  fuels. 

Upon  distillation,  LAK  crude  yields  about  17%  material  in  the 
JP-8  distillation  range.  However,  this  fraction  Is  deficient  In 
light  material  and  may  not  have  enough  volatility  for  present  jet 
engines.  By  taking  a  little  deeper  cut  (19%  overhead)  and  adding 
heavy  naphtha  (320-440°F)  from  a  nearby  paraffinic  crude  (40*API 
Wyoming  Sweet)  an  excellent  JP-8X  can  be  created.  Table  5  shows 
that  this  blend  meets  all  the  specs  easily,  except  It  Is  8*F  low  In 
flash  point,  which  can  be  easily  altered  by  adjusting  the  Wyoming 
Sweet  cut  points.  The  most  remarkable  result  Is  the  high  smoke 
point  of  24.8  mm,  which  Is  5.3  mm  greater  than  the  next  best  result 
obtained  in  this  study* 

Due  to  the  LAK  nitrogen  content,  a  slight  discoloration  of  the 
jet  cut  occured  over  a  period  of  time.  Therefore,  the  LAK/Wyomlng 
Sweet  blend  was  clay  treated  (activated  attapulgus  clay)  before 
submitting  It  to  the  analyses  In  Table  5.  It  Is  not  known  how  well 
this  blend  would  fare  without  the  clay  treatment. 

As  with  all  the  other  crudes  examined,  It  appears  Impossible  for 
LAK  or  LAK  blends  to  meet  both  the  J P-1 1  density  spec  and  the  0 P-1 1 
low  temperature  specs  (Table  8).  Heavy  LAK  TBP  cuts  are 
sufficiently  dense  but  too  viscous.  A  blend  with  Wyoming  Sweet  Is 
both  too  viscous  and  Insufficiently  dense. 


LAK  Fractions  as  JP-11 
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Because  LAK  crude  Is  one  of  the  most  naphthenic  crudes  examined, 
some  additional  attempts  were  made  to  produce  J P-1 1 .  A  lower 
temperature  cut  (600*F)  still  did  not  reduce  viscosity  enough  and 
sacrificed  density.  A  very  narrow  cut  (480-52Q°F)  was  also  analyzed 
and  had  the  same  shortcomings.  Perhaps  different  LAK  blends  using 
heavy  reformate  or  heavy  cat  cracker  naphtha  (both  high  in  aromatics 
and  isoparaffins)  could  approach  the  JP-11  specs.  However,  the 
scope  of  the  program  allowed  only  limited  testing  and  these  blends 
were  not  examined. 

Therefore,  it  appears  the  present  JP-11  specs  are  unattainable 
using  straight-run  fractions  from  naphthenic  crudes.  A  relaxation 
of  the  density  spec  to  30*API  may  allow  some  crudes  or  blends  to 
qualify. 


Alaskan  North  Slope  Crude 

This  crude  was  not  analyzed  as  a  JP-8X  or  JP-11  source  because, 
compared  to  other  crudes,  It  was  relatively  low  in  naphthenes. 
However,  a  crude  cssqy  is  included  in  the  appendix  because: 

1.  ANS  may  produce  a  marginal  straight-run  JP-8X 

2.  ANS  blended  with  California  crudes  will  definitely  produce 
an  acceptable  JP-8X, 

3.  The  ANS  production  rate  and  reserves  are  huge  compared  with 
the  other  more  naphthenic  crude  oils,  and  could  double  the 
availability  of  JP-8X. 


J  A  A's  most  recent  data  (1982)  indicates  the  JP-8  straight-run 
fraction  will  have  the  following  properties: 


37-38*API 
0.2%  sulfur 
18  mm  smoke  point 
-40  *F  freeze  point 


Structural  composition: 
30%  paraffins 
45%  naphthenes 
25%  aromatics 


This  cut  will  probably  require  hydrotreating,  which  will 
Increase  API  gravity  several  degrees,  and  may  be  fractionated  lower 
to  decrease  the  freeze  point,  again  Increasing  API  gravity. 
However,  blended  with  hydrotreated  SJY  distillate,  a  very  good  JP-8X 
candidate  results,  as  Is  shown  In  Table  5.  This  stream  presently 
exists  In  at  least  one,  and  probably  in  about  ten  California 
refineries,  which  process  primarily  ANS  and  SJV  crudes. 

As  with  the  other  crude  oils,  ANS  Is  not  expected  to  produce  an 
acceptable  JP-11. 
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Section  V 


High  Density  Jet  Fuels  from  Refinery  Hydrocracker  Streams 


Besides  occuring  naturally  in  certain  crude  oils,  naphthenes 
(cyclic  paraffins)  can  also  be  manufactured  by  chemical  processes. 
One  of  the  simplest  and  most  direct  methods  involves  the  saturation 
or  addition  of  hydrogen  to  aromatic  compounds.  This  process 

involves  high  hydrogen  partial  pressure  (over  1000  psi)  and 
moderately  high  tenperature  (around  700*F)  as  well  as  a 

hydrogenation  catalyst. 

This  reaction  Is  carried  out  every  day  In  numerous  refineries 
that  utilize  hydrocrackers.  The  primary  feed  for  these 
hydrocrackers  consists  of  cat  cracker  light  cycle  oil,  which  is  the 
cat  cracker  (FCC)  product  oil  boiling  between  430-650*F.  The 

lighter  product  oil  is  used  as  gasoline  blending  stock  while  the 

heavier  product  oil  is  recycled  to  the  FCC,  sold  as  fuel  oil,  or 

used  as  feedstock  for  needle  coke  manufacture.  The  light  cycle  oil 
(LCO)  Is  a  highly  aromatic  material  that  cannot  meet  diesel  gravity 
and  cetane  specs  and  is  therefore  considered  to  be  an  undesirable, 
low  value  stream.  Due  to  the  nature  of  the  cat  cracking  process, 
LCO  is  always  high  in  aromatics,  regardless  of  FCC  feedstock 

composition.  LCO  comprises  around  20%  of  the  FCC  liquid  product  and 
is  generated  in  the  U.S.  at  the  rate  of  over  1  MM  Bbl/day. 

Hydrocracking  can  convert  this  low  value  stream  to  higher  value 
gasoline,  kerosene,  and  diesel  fuel.  Hydrocracking  Is  generally  a 

two-stage  process,  the  first  stage  consisting  of  severe 
hydrotreating  (2000  pslg,  750’F)  in  order  to  remove  all  traces  of 

sulfur,  oxygen,  and  nitrogen.  The  2nd  stage  is  the  actual 
hydrocracking  process  where  molecules  are  saturated,  carbon  rings 
are  opened,  and  carbon  chains  are  broken.  This  2nd  stage  Is  less 
severe  but  generally  requires  a  noble  metal  catalyst  which  Is  easily 
poisoned,  explaining  the  need  for  the  1st  stage.  By  adjusting 

feeds,  severities  (temperature,  pressure,  space  velocity),  catalyst 
type,  and  recycle  rates,  the  hydrocracker  can  be  made  to  produce 

essentially  all  gasoline,  all  diesel,  or  a  mixed  slate  In  between. 

The  diesel  and  kerosene  product  streams,  having  originated  from 
a  highly  aromatic  feedstock,  are  high  In  naphthene  content,  and 
proportionately  more  dense  than  similar  boiling  range  conventional 
streams.  They  therefore  could  serve  as  a  source  of  high  density  jet 
fuel. 
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A.  Tasks  Performed 


In  order  to  determine  the  present  and  potential  capability 
to  produce  high  density  jet  fuels  and  in  order  to  assess  the  quality 
of  those  fuels,  the  following  tasks  were  performed: 

1.  A  refinery  survey  was  conducted  to  identify 
Hydrocracker  sites  and  capacities. 

2.  Hydrocracker  operators  were  contacted  and  samples  of 
kerosene  -  diesel  product  streams  were  requested. 

3.  Samples  were  analyzed,  compared  with  tentative  high 
density  specs,  and  redistilled  if  necessary. 

4.  For  samples  that  met  most  of  the  specs,  stream  size 
data  were  obtained  and  used  to  generate  an  estimate  of 
overall  availability. 

5.  Modifications  of  the  Hydrocracking  process  that  could 
maximize  high  density  jet  fuel  production  were 
examined. 


B.  Results 

An  estimate  of  present  and  potential  JP-8X  production, 
based  on  the  above  work  showed  that  all  military  needs  and  most 
civilian  needs  could  be  fulfilled  by  Hydrocracker  production. 


Hi gh  Density  Jet  Fuel  (JP-8X)  from  U.  S.  Hydrocrackers 


Operating 
U.  S. 


rdrocrackers 


Total 


Capacity 


Bbl/di 


Estimated  Present 
H/C  Production 
of  Kerosene  and 


Diesel,  Bbl/d< 


Estimated  High  Density 
Jet  Production 
Present,  Potential 

Bbl/day  Bbl/day 


37  1.07  MM  0.32  MM  0.17  MM  0.85  MM 


Bbl/day 

1985  Total  U.S.  consumption  of  kerosene  type  jet  fuel  approx.  1.0  MM 
1985  U.S.  Armed  forces  consumption  only  approx.  0.3  MM 

The  present  production  data  are  based  on  results  from  samples 
and  stream  data  obtained  from  10  operating  Hydrocrackers  (271  of  the 
total).  The  potential  production  estimate  assumes  that  essentially 
all  Hydrocracking  operations  maximize  the  production  of  jet  fuel. 


I 


Maximizing  high  density  jet  fuel  production  may  involve  some 
need  for  refinery  modifications,  such  as: 

1.  Replacing  hydrocracker  catalyst 

2.  Revamping  or  replacing  present  fractionators 

3.  Building  extra  storage  (tankage) 

4.  Restricting  hydrocracker  feed  to  aromatics  stocks. 

Maximizing  high  density  jet  fuel  production  also  means  that  the 
economic  incentives  would  have  to  be  greater  than  for  producing 
gasoline  from  the  same  feedstocks.  Both  fuels  are  sold  by  volume, 
but  because  gasoline  is  composed  of  smaller  molecules,  about  20  vol. 
%  more  gasoline  than  jet  fuel  can  be  produced  from  the  same  feed. 
Another  consideration  is  that  over  10%  of  total  U.S.  gasoline 
production  would  be  eliminated  by  maximizing  jet  fuel  production. 

As  was  the  case  with  naphthenic  crude  oils,  no  successful  J P-1 1 
candidates  were  found.  Even  with  the  relaxation  of  JP-11  specs,  It 
is  doubtful  that  hydrocrackers  can  produce  this  long  term  high 
density  fuel. 

Pi  scussion 

A  refinery  survey  resulted  In  Identifying  37  U.S.  operating 
hydrocrackers,  as  listed  In  Table  9  and  Illustrated  in  Figure  3. 
Their  confclned  feed  throughput  is  1.07  MM  Bbls/d^y.  Since  the 
process  adds  hydrogen  rather  than  rejecting  carbon  (e.g.,  PCC, 
coking)  the  average  volumetric  yields  are  greater  than  120%  of 
Input.  As  discussed  above,  hydrocrackers  are  very  versatile  units 
and  gasoline/jet/dlesel  production  rates  tend  to  swing  during  the 
year,  depending  upon  Inventories  and  economics.  This  makes  It 
difficult  to  obtain  accurate  production  rates.  Also,  as  catalysts 
age,  are  regenerated,  or  are  replaced,  yields  and  compositions  of 
products  are  significantly  altered. 

Table  9  also  Indicates  which  refineries  sipplled  samples  for 
analysis.  All  areas  of  the  U.S.  were  well  represented,  except  for 
the  greater  Los  Angeles  area  which  contains  seven  hydrocrackers. 
However,  hydrocracker  streams  from  these  refineries  are  expected  to 
be  similar  to  those  from  the  San  Francisco  area. 

Table  10  gives  screening  analyses  performed  on  the  samples 
received.  (Several  refineries  sent  two  samples  each).  From  the  API 
gravity  and  .  the  D-86  distillation  data,  the  samples  were  either 
rejected,  analyzed  as  received,  or  re-distilled  to  meet  flash  point 
or  end  point  specs.  The  samples  that  were  further  analyzed  (3  of 
them  re-distilled)  are  given  In  Table  11  and  12.  Individual  samples 
are  discussed  below. 
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KER  DISTRIBUTION 


s,  ^  % 


Table  9 


U.  S.  HYDROCRACKERS*1 ) 


State 

Alaska 
Cal  i  form  a 


Col  orado 
Delaware 
Hawal i 
Illinois 


Kansas 

Louisiana 


Mississippi 

Montana 

Ohio 


Ok  1 ahoca 
Pennsylvania 

Texas 


Mas  hi  ngton 
TOTAL  US  H/C 


Company 

Texaco 

Arco 

Chevron 

Chevron 

Exxon 

Golden  West 
Mobil 

Pacific  Refining 

Shell 

Texaco 

Tosco 

Tosco 

Union 

Union 

Gary 

Texaco 

Hawaii  Independent 

Cl  ark 

Marathon 

Shell 

Total 

Cl  tgo 

Exxon 

Shell 

Tenneco 

Texaco 

Chevron 

Exxon 

Standard 

Standard 

Sun 

Kerr  Me  Gee 

Arco 

B.P. 

Amoco 

Coastal  States 

Exxon 

Mobil 

Shell 

Texaco 

Arco 

Capacity 


Location 

Kenai 

Carson  (LA) 

El  Segundo  (LA) 

Richmond  (SF) 

Benicia  (SF) 

Sante  Fe  Springs  (LA) 

Torrance  (LA) 

Hercules  (SF) 

Martinez,  (SF) 

Wilmington  (LA) 

Bakersfield 
Martinez  (SF) 

Los  Angeles 
Rodeo  (SF) 

Fruita  (Western  Colo.) 

Delaware  City 
,  Ewa  Beach 
Blue  Island  (Chic) 

Robinson  (SE  Illinois) 

Wood  River  (St  Louis) 

Arkansas  City  (S  Centr.  Kansas) 

Lake  Charles 

Baton  Rouge 

Norco  (New  Orleans) 

Chalmette  (New  Orleans) 

Convent  (New  Orleans) 

Pasgagoulla 

Billings 

Lima  (W  Centr  Ohio) 

Toledo 

Toledo 

V(ynnewood  (South  Central  Okl) 
Philadelphia 

Marcus  Hook  (Philadelphia) 
Texas  City  (Houston) 

Corpus  Chri  stl 
Baytown  (Houston) 

Beaumont  (Extreme  SE  Texas) 
Deer  Park  (Houston) 

Port  Arthur  (Extreme  SE  Texas) 
Ferndale  (North  of  Seattle) 


Dedicated  to  distillate  upgrading  (LCO,  etc.) 
Resid  tpgradlng,  dewaxing,  etc. 


*  ■  Shut  down  or  on  turn-around. 

**  ■  Submitted  H/C  kerosene  samples 
(1)  Data  from  Oil  and  Gas  Journal,  1985. 

CMS/eac 

D1sk:H1ghDens1tyJetFue1 

Doc:  Tables  27 


Capac  i  ty, 
Bbi/da/" 

7.500 
21 ,000 
43,000 

107,500 

28,000 

11,000 

21,700 

3,000 

20,000** 

20,000 

5,000* 

20,000** 

21,000 

30,000 

5,000* 

19,000** 

12,000** 

11,000 

22,000** 

33.500 
3,200** 

30,000** 

24,000 

27.70C 

20,000* 

35,000 

68,000 

4,900 

20,000 

35,000** 

26,000 

5,000 

30,000 

25,000 

113,000 

10,000* 

19,000 

32,000 

15,000 

15,000** 

49.000** 

i  ,m,mv 

821.500 

246.500 


Table  10 
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Citgo  Hydnocracker  Kerosene 


This  sample  from  the  Lake  Charles,  Louisiana  refinery  was  topped 
12%  in  order  to  approach  the  target  boiling  range  and  flash  point. 
The  topping  was  performed  on  a  D-1160  apparatus  rather  than  a  TBP 
column,  resulting  in  a  rather  poor  cut.  Thus,  the  flash  point  still 
could  not  meet  specs  (117*F  versus  140*F).  As  shown  in  Table  11, 
the  density  and  freeze  point  also  did  not  meet  specs.  However,  this 
stream  is  close  to  specifications  and  has  potential  as  either  an 
interim  fuel  or  as  blending  stock  with  straight-run  naphthenic 
streams.  Perhaps  by  limiting  hyrocracker  feedstock  to  only  aromatic 
materials,  such  as  LCO,  this  stream  could  meet  the  JP-8X  specs. 

Currently,  this  stream,  before  topping,  averages  10,500  Bbls/day 
(after  topping,  about  9000  Bbls/day  would  be  available  as  JP-8X). 
Since  this  kerosene  cannot  meet  present  jet  fuel  smoke  point  specs 
(19-25  mm),  it  is  blended  with  paraffinic  straight-run  streams. 
Therefore,  pulling  this  stream  as  JP-8X  would  only  impact  on  the 
production  rate  of  conventional  kerosene  jet  fuels  (Jet  A,  A-l, 
JP-5,  J P-8) . 

The  Citgo  hydrocracker  (30,000  Bbl/day  capacity)  makes  primarily 
gasoline.  The  kerosene  stream  (approximately  30%  of  the  product)  is 
the  heavier  part  from  once- through  conversion  and  could  be  recycled 
to  produce  more  gasoline  if  gasoline  economics  were  more  favorable. 
Therefore  some  economic  advantages  must  always  exist  for  JP-8X 
production  In  order  to  guarantee  supplies. 

As  with  most  hydrocracking  operations  that  are  aimed  at  gasoline 
production,  a  heavier  product  stream,  that  could  be  evaluated  as 
JP-11,  does  not  exist.  Use  of  less  severe  conditions  or  heavier 
feedstock  would  result  In  a  heavier  product  stream. 

Texaco  Hydrocracker  Kerosene 

This  sample,  from  the  Port  Arthur,  Texas  refinery  is  very 
similar  to  the  Citgo  sample  above.  It  also  required  topping  (15%) 
and  came  close  to  meeting  flash  point  specs  (135*F  versus  140*F). 
This  sample  also  failed  the  density  and  freeze  point  specs,  but 
again,  by  adjusting  the  Hydrocracker  feed  or  by  blending  off  this 
strev  a  It  could  be  used  as  JP-8X.  The  smoke  point  on  the  topped 
sample,  however,  was  marginal,  at  15.0  MM. 

This  stream,  produced  at  4000  Bbl/day  (3400  after  topping)  Is 
again  the  heavy  part  of  once-through  conversion,  and  Is  subject  to 
other  uses.  It  Is  presently  blended  Into  "avjet"  along  with 
straight-run  materials. 

The  Port  Arthur  refinery  processes  a  number  of  naphthenic  crudes 
(Manvel,  Pickett  Ridge)  and  segregates  these  crudes  for  use  In  lube 
oil  manufacture.  This  means  straight-run  naphthenic  blending  stocks 
for  JP-8X  are  readily  available,  and  the  Hydrocracker  kerosene  need 
not  meet,  but  only  approach,  the  JP-8X  specs. 


HYDROCRACKER  STREAMS  AS  JP-8X 
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NA  ■  Not  Analyzed 
ND  -  None  Detected 


Texaco  Hydrocracker  #2  Fuel  Oil 

This  sample  from  the  Delaware  City,  Delaware  refinery  comes  from 
a  different  hydrocracking  operation  than  for  the  previous  two 
samples.  This  hydrocracker  processes  heavy  cycle  oil  { HCO )  and 
coker  gas  oil  rather  than  FCC  light  cycle  oil.  The  result  is  a 
relatively  heavy  product  slate,  containing  about  8%  gasoline  and  92% 
diesel.  The  "as  received"  #2  fuel  oil  (diesel)  was  quite  dense 
(29.7 "API )  and  was  therefore  evaluated  as  a  JP-11  candidate.  A 
JP-8X  cut  was  made  by  distilling  85  vol  %  overhead,  and  rejecting 
the  bottom  15%. 

As  is  seen  in  Table  11,  the  JP-8X  cut  easily  meets  the  density 
spec  but  is  6*F  off  the  freeze  point  spec.  The  smoke  point  Is  also 
quite  low  at  14.4  mm.  Rejecting  an  additional  5%  of  the  bottoms  may 
help  both  freeze  and  smoke  points  and  should  have  little  effect  on 
the  density.  Several  percent  mjy  also  have  to  be  distilled  off  the 
front  in  order  to  meet  the  flash  point.  Thus,  about  78%  of  this 
stream  could  be  available  as  JP-8X.  In  this  case,  JP-8X  production 
would  compete  with  #2  fuel  oil  production,  rather  than  gasoline. 
Since  the  estimated  cetane  index  of  this  hydrocracker  diesel  Is  only 
34  (diesel  spec  £40),  JP-8X  may  be  the  preferred  product.  This 
stream  is  presently  produced  at  18,000  Bbl/day,  or  15,000  Bbl/day  of 
JP-8X  after  distillation.  The  Delaware  City  refinery  also  makes 
straight-run  Jet  A  and  some  of  this  could  be  blended  into  the  JP-8X 
to  raise  smoke  point  and  lower  freeze  point. 

The  entire  stream  is  also  a  JP-11  candidate.  Table  12  compares 
"as  received"  analyses  with  JP-11  specs.  As  was  the  case  with 
naphthenic  crude  oils,  it  appears  Impossible  to  meet  both  density 
and  low  temperature  specs.  Even  by  relaxing  density  specs  to  30*API 
or  lower,  this  material  would  still  have  some  problems  with 
viscosity  and  freeze  point. 

In  an  attempt  to  find  a  JP-11  refinery  stream,  a  mildly 
hydrotreated  (700*F,  750  psl )  light  cycle  oil  was  obtained  from  the 
Lion  Oil  Refinery  at  El  Dorado,  Arkansas.  This  material,  being 
highly  aromatic  (62%),  was  sufficiently  dense,  but  could  not  meet 
low  temperature  specs,  showing  a  freeze  point  of  -2*F  (Table  12). 
However,  the  sample  was  higher  In  paraffins  (22%)  than  most  cycle 
oils  and  this  n«y  have  contributed  to  the  high  freeze  point.  One 
point  of  Interest  Is  the  low  smoke  point  (7.0  mm)  on  this  sample. 
This  Is  to  be  expected,  since  fuels  this  dense  will  have  to  be 
primarily  composed  of  aromatics,  rather  than  naphthenes. 
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Table  12  j 

HYDROTREATER/HYDROCRACKER  JP-11  CANDIDATES  5 


'■i 


Tentative 

JP-11 

Lion 

Refinery 

Specs 

Oil 

Texaco  a 

Location  (State) 

Arkansas 

Del  aware  -l 

Stream  Description 

H/T  LCO 

H/C  #2  Fuel  Oil  .1 

Analyses 

API  Gravity 

*  25.7 

24.9 

29.7  a 

Specific  Gravity 

>  0.900 

0.9047 

0.9348  i 

Freeze  Point,  °F 

<T-51 

-2 

-45  :j 

Vis  at  -40*F,  cs 

*  40 

Solid 

61.9  A 

Flash  Point,  *F 

>  140 

101 

124  -1 

Smoke  Point,  mm 

7.0 

na 

jFTDT  Results 

Pass  260*C 

NA 

Pass  y 

Sulfur,  wt  % 

— 

0.19 

NA  | 

D-86  Di stil lation,  *F 
IBP/5  vol  %  over 

360 

296/415 

* J 

269/395  '-j 

10/20 

— 

445/472 

425/453  ;« 

30/40 

-- 

487/503 

475/491 

50/60 

— 

516/529 

505/523  i 

70/80 

-- 

544/561 

542/564  ■ 

90/95 

— 

587/596 

599/633 

EP 

700 

596 

646  > 

Structural  Analysis,  vol 

l 

r, 

Paraffins 

21.7 

NA  $ 

Cycl oparaffins 

9.2 

A 

Dl-cycl oparaffins 

5.2 

< 

Tri-cycl  oparaffins 

1.5 

Alkyl  Benzenes 

18.8 

V 

Benzocycl oparaffins 

17.5 

*  1 

Benzodlcycl oparaffins 

6.7 

2-R1ng  aromatics 

18.2 

1 

Heavier  aromatics  +  polars 

1.2 

NA  -  Not  analyzed 

ND  -None  detected 

HA  ■  Hydrotreated 

H/C  -  Hydrocracked 

LC0  ■  Cat  cracker  light  cycle  oil 

lTJOTE 

V 

V 

w- 

\ 

Tosco  Hydrocracker  Recycle  Stream 

This  sample,  received  from  the  Tosco  Refinery,  Avon,  California, 
is  from  a  product  stream  that  is  presently  recycled  back  to  the 
hydrocracker .  This  stream  has  previously  been  considered  for  jet 
fuel  production  but  due  to  its  low  smoke  point  (16.0)  and  the  lack 
of  a  good  paraffinic  blending  stock,  the  stream  is  recycled  and 
converted  to  gasoline,  propane,  and  butane,  as  shown  in  Figure  4. 
The  sample  meets  all  the  JP-8X  specs  except  freeze  point,  being  5"F 
high.  Discarding  about  5%  off  the  heavy  end  may  help  the  freeze 
point  but  will  also  decrease  the  density,  which  is  already  marginal 
(37.2°API).  The  freeze  point  does  not  appear  to  be  due  to  a  high 
paraffin  content  since  the  mass  spec  analysis  (Table  11)  shows  only 
4.7i  paraffins.  Rather,  this  freeze  point  may  be  typical  of  highly 
saturated  hydrocracker  product  and  may  mean  that  all  such  streams 
will  require  blending. 

The  present  rate  of  this  recycle  stream  is  8000  Bbl/day-  The 
establishment  of  a  market  for  JP-8X  would  inmediately  make  this 
stream  available,  providing  the  economics  were  favorable. 

Tosco  Hydrocracker  Intermediate  Stream 

This  sample  was  also  received  from  the  Tosco  Refinery  at  Avon, 
California.  This  sample,  and  the  Shell  Oil  sample  discussed  later, 
prove  that  hydrocrackers  have  the  potential  to  produce  JP-8X  far  in 
excess  of  foreseeable  military  requirements.  Since  hydrocracking  is 
a  two-stage  operation,  and  since  actual  cracking  is  not  desired  to 
produce  kerosene  range  material,  the  first  stage  {severe  hydro- 
treating)  may  be  the  only  step  required  to  produce  JP-8X.  The 
intermediate  stream  or  "HDN  product/Isocracker  feed"  from  the  Tosco 

refinery  confirms  this.  As  shown  in  Table  11,  the  sample  meets  all 

specs  easily  except  for  the  flash  point.  The  flash  point  can  be 
adjusted  by  distilling  about  5%  off  the  front  or  possibly  by  a 
stripping  process,  and  this  should  not  have  much  effect  on  the 

density.  As  shown  by  the  mass  spec  analysis,  this  sample  contains 

more  paraffins  and  more  aromatics  than  the  recycle  stream  described 
above,  and  yet  It  has  a  better  freeze  point  and  smoke  point. 

This  Intermediate  stream  is  essentially  equal  In  size  to  the 
feed  capacity,  or  20,000  Bbl/day.  Thus,  If  all  U.S.  hydrocrackers 
are  similar  In  feedstock  and  operation  to  the  Tosco  hydrocracker 
(Chevron  licensed  Isocracker)  as  much  as  1.07  mm  Bbl /day  of  JP-8X 
could  be  produced.  Tapping  these  streams  will  probably  Involve  some 
refinery  modifications  and  Investments,  but  the  feedstock  and  the 
process  are  essentially  In  place.  Figure  5  shows  the  hydrocracker 
modification  needed  to  maximize  high  density  Jet  fuel  production. 
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HYDROCRACKER 


Shell  Hydrocracker  Intermediate  Stream 

This  sample,  from  the  Shell  refinery  at  Martinez,  California  Is 
the  only  sample  to  pass  all  JP-8X  specs,  as  received.  Like  the 
Tosco  sample  above,  this  material  is  first-stage  product  and  second 
stage  feed,  but  this  stream  has  already  been  factionated  into  the 
desired  jet  fuel  boiling  range.  This  was  done  because  the  Shell 
second  stage  reactor  has  been  altered  from  a  cracking  reactor  to  an 
aromatics  saturation  unit.  As  such,  the  2nd  reactor  will  not 
si^lficantly  alter  the  boiling  range,  but  will  decrease  the  density 
as  aromatics  are  changed  to  naphthenes.  Saturation  reactor 
conditions  are  much  less  severe  than  for  hydrocracking,  so  the 

product  rate  of  jet  fuel  from  the  second  reactor  can  be  essentially 
equal  to  the  feed  input  of  the  first  reactor.  A  second  stage 

product  sample  was  not  obtained,  but  it  is  known  that  this  stream  Is 
about  39*API  and  is  sold  to  the  U.S.  Navy  as  JP-5,  without  requiring 
any  blending  to  meet  smoke  point  specs.  Figure  6  illustrates  this 
Shell  hydrocracker  modification. 

The  Shell  process  proves  the  flexibility  of  hydrocrackers.  By 
having  two  reactors  (or  two  stages)  and  by  varying  operating 

conditions  and  catalysts,  hydrocrackers  can  be  made  to  produce 

almost  all  gasoline,  high  density  jet  fuel,  or,  as  in  Shell's  case, 
conventional  jet  fuel.  The  Shell  process  also  provides  a  route  by 
which  jet  fuels  can  be  gradually  made  more  dense  with  time,  l.e. , 
the  saturation  process  can  provide  an  interim  kerosene  type  fuel, 
and  as  required,  this  saturation  process  can  be  bypassed  to  provide 
denser  fuel.  The  Shell  hydrocracker  uses  Shell  424  H/T  catalyst  In 
the  first  stage,  and  Shell  614  saturation  catalyst  In  the  2nd  stage. 

Although  the  Shell  hydrocracker  has  a  20,000  Bbl/d^y  capacity, 
the  Intermediate  stream  Is  presently  only  about  10,000  Bbl/d^y.  It 
Is  not  known  whether  the  unit  Is  running  below  capacity  or  whether 
part  of  the  Intermediate  stream  is  diverted  elsewhere,  such  as  to  a 
diesel  pool. 

The  analysis  of  hydrocracker  samples  resulted  In  an  unexpected 
finding.  It  had  been  assumed  that  the  most  highly  naphthenic 
samples  would  have  the  best  combination  of  density,  low  temperature 
characteristics,  and  conbustlon  characteristics.  However, 
hydrocracker  samples  with  roughly  equal  amounts  of  naphthenes  and 
aromatics  appeared  to  have  better  JP-8X  properties  than  a  highly 
naphthenic  sample,  as  shown  below. 


Tosco 

Tosco 

Shell 

Recycle 

Intermediate 

Intenmedl 

“API  Gravity 

37.2 

33.5 

34.6 

Freeze  Point,  *F 

-46 

<-55 

<-55 

Vis  at  -40*F,  cs 

10.2 

14.5 

7.7 

Smoke  Point,  mm 

16.0 

17.5 

16.2 

Components,  Vol  X  by  MS 
Paraffins 

4.7 

10.0 

15.1 

Naphthenes 

73.5 

53.0 

40.2. 

Aromatics 

21.8 

37.0 

44.7 
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Section  VI 


Conclusions 


A.  Potential  Availability  of  High  Density  Jet  Fuel 

Table  13  shows  that  JP-8X  could  be  produced  at  a  rate 
greater  than  present  military  and  civilian  consumption  of  kerosene 
type  Jet  fuels,  by  utilizing  the  sources  described  below. 

JP-8X  From  Naphthenic  Crudes 

Potential  JP-8X  from  only  the  most  naphthenic  crude  oils  Is 
estimated  at  180,000  Bbl/day.  These  crudes  produce  such  dense  JP-8X 
fractions,  that  conventional  streams  can  be  blended  In  to  stretch 
supplies.  The  prime  blending  crude  appears  to  be  Alaskan  North 
Slope  which  Is  a  moderately  naphthenic  crude.  ANS  is  produced  at 
the  rate  of  601  MM  Bbl/year  with  proven  reserves  of  7393  MM  Bbl. 
Production  of  straight-run  ANS  JP-8X  boiling  range  material  Is 
300,000  Bbl/day,  but  probably  only  130,000  Bbl/day  could  be  blended 
in.  (50  %  ANS  distillate,  501  California  crude  distillate).  Such 
blending  could  double  the  JP-8X  potential  production  to  360,000 
Bbl/day,  or  more  than  enough  for  military  consumption  which  Is 
around  300,000  Bbl/day. 

Hydrocracker  Product  as  JP-8X 

The  potential  lydrocracker  product  that  can  be  used  as 
JP-8X  Is  more  difficult  to  gauge.  Presently,  It  Is  estimated  that 
around  301  of  total  hydrocracker  product  is  a  kerosene  range  product 
and  that  about  half  (170,000  Bbl/day)  qualifies  or  nearly  qualifies 
as  JP-8X.  However,  by  changing  hydrocracker  operating  conditions  or 
tapping  hydrocracker  Intermediate  streams,  the  product  slate  could 
be  changed  to  yield  essentially  all  jet  fuel  range  material.  J  A  A 
Associates  estimates  that  only  80%  of  this  product  would  qualify  as 
0P-8X,  resulting  In  a  total  potential  JP-8X  rate  of  850,000 
Bbl/day.  However  these  hydrocracker  estimates  are  based  on  limited 
samples,  taken  at  one  point  In  time,  rather  than  long  term  or 
historical  data.  Producing  a  detailed  estimate,  projecting  future 
scenarios,  and  evaluating  economic  Implications  were  all  outside  the 
scope  of  this  study. 

B.  Future  Availability  of  JP-8X 

Future  supplies  of  JP-8X  from  naphthenic  crude  oil  appear 
to  be  excellent.  The  highly  naphthenic  crudes  have  a  higher  ratio 
of  reserves  to  production  (12.8)  than  all  U.S.  crudes  (8.7).  The 
prime  blending  crude,  ANS,  has  a  reserve  to  production  ratio  of 
12.3.  Apparently,  these  crudes  will  be  available  for  a  longer  time 
than  the  more  conventional  U.S.  crude  oils. 

Hydrocrackers  use  primarily  cycle  oils  from  the  catalytic 
cracking,  or  FCC,  process  as  feedstock.  This  material  Is  generated 
at  over  1  MM  Bbl/day,  regardless  of  the  type  or  origin  of  the  crude 
brought  Into  the  refinery.  As  long  as  crude  supplies  are  available, 
FCC  cycle  oils  will  be  available,  and  the  potential  for  producing 
high  density  Jet  fuel  exists. 


Table  13 


ESTIMATE  OF  AVAILABLE  HIGH  DENSITY  JP-8  (JP-8X) 


Naphthenic  Crudes^ ) 


State 


Annual  Production  It  SR  Jet  Fuel  Potential  HD  Jet  Fuel 


Calif. 

Texas 

Loul s.  Ark. 


311.1  MM  Bbl 
41.2  MM  Bbl 
14.6  MM  Bbl 


15 

35 

25 


Alaskan  S.R.  as  blending  stock 
Other  crude  streams  as  blending  stock 
Total  S.R.  JP-8X 


46.7  MM  Bbl /year 
14.4  MM  Bbl /year 
3.7  MM  Bbl /year 
54TF  -  0.18  MM  Bbl /day 

-  0.13  MM  Bbl/day 

-  0.05  MM  Bbl /day 
«  0.36  MM  Bbl /day 


Hydrocracker  Product^) 


Operating  US 
Hydrocrackers 


Total 

"apacli 


Estimated  Present 


Potential 


1.07  MM  Bbl/day  0.3  MM  Bbl/day  0.85  MM  Bbl/day(3) 
(about  5 OX  -  JP-8X) 


Total  potential  for  HD  kerosene  type  jet  fuel  1.21  MM  Bbl/day 

1985  U.  S.  Consumption  of  kerosene  type  jet  fuel  ~1.0  MM  Bbl/day 
1985  U.  S.  Military  consumption  only  ~0.3  MM  Bbl/day 


(1)  Estimate  on  naphthenic  crudes  based  on  a  literature  search  of  over 
9,000  U.S.  crudes  and  extensive  analysis  of  7  crude  samples. 

(2)  Estimate  on  Hydrocracker  production  based  on  data  from  the  Oil  and 
Gas  Journal  and  the  analysis  of  samples  from  10  U.S.  hydrocrackers. 

(3)  Assuming  that  essentially  all  H/C  operations  maximize  jet  fuel 
production. 


Possible  Problems  in  Converting  to  JP-8X 


Assuming  that  JP-8X  causes  no  problems  in  present  jet 
engines,  a  gradual  changeover  to  JP-8X  should  cause  no  disruptions. 
Altering  the  hydrocracking  process  to  yield  primarily  JP-8X  may 
require  some  refinery  investment  and  modifications,  but  the  process 
is  In  place,  and  is  proven. 

An  abrupt  change  in  hydrocracker  yield  from  primarily 
gasoline  to  primarily  JP-8X  could  cause  disruptions  In  the  gasoline 
market.  Presently  hydrocrackers  produce  over  800,000  Bbl/day  of 
gasoline  (or  gasoline  precursor  streams),  which  is  12%  of  U.  S. 
consumption.  This  shortfall  can  be  only  partially  offset  by 
Increasing  FCC  (catalytic  cracker)  throughput.  Also,  since  demand 
for  conventional  straight-run  jet  fuels  will  drop,  an  excess  of 
kerosene  and  diesel  may  develop. 

Using  naphthenic  crudes  for  JP-8X  production  should  not 
cause  any  disruption.  The  more  paraffinic  distillates  would  be  used 
primarily  for  diesel  fuel  instead  of  jet  fuel,  leaving  naphthenic 
distillates  for  jet  fuel.  This  allows  the  best  use  of  both  crude 
oil  types,  since  naphthenic  crude  produces  an  inferior  diesel  cut. 

The  main  problem  with  naphthenic  crudes  Is  the  Isolation  of 
those  crudes,  that  Is,  preserving  the  Identity  of  the  crude  during 
production,  shipment,  and  refinery  processing.  This  can  be  a  major 
problem  in  the  Gulf  Coast  area  where  naphthenic  fields  are  small  and 
surrounded  by  more  conventional  crude  oils.  In  California, 
especially  in  the  San  Joaquin  Valley,  this  may  not  be  a  problem. 
Also,  in  California,  ANS  crude  (which  makes  an  Ideal  blending  stock) 
is  the  crude  most  often  processed  along  with  naphthenic  California 
crudes. 


Juallty  of  High-Density  Fuels 


JP-8X  both  from  naphthenic  crudes  and  from  hydrocracker 
streams  can  meet  the  tentative  JP-8X  specs  listed  in  Table  1.  The 
properties  examined  compare  favorably  with  the  U.S.S.R.  high  density 
fuel  and  the  high  density  fuel  prepared  by  hydrotreating  light 
pryolysls  oil  and  light  cycle  oil.  For  comparison.  Table  14  and 
Figures  7  and  8  give  J  1  A  Associates  analyses  performed  on  the 
U.S.S.R.  sample  and  on  Sun  011  hydrotreated  LCO's.  These  analyses 
were  performed  as  part  of  this  program  In  order  to  assess 
Inter-laboratory  reproducibility. 


Tests  for  long-term  stabilty,  lubricity,  surface  tension, 
etc.  were  outside  the  scope  of  the  program.  Setting  those 
specifications  may  limit  the  availability  of  JP-8X.  Also,  nothing 
is  known  about  the  combustion  characteristics  of  these  fuels  In 
actual  engines.  This  may  again  limit  JP-8X  availability  If,  for 
Instance,  a  maximum  aromatic  content  or  minimum  hydrogen  content 
spec  Is  required. 


All  efforts  to  produce  a  fuel  that  meets  tentative  JP-11 
specs  were  unsuccessful.  It  appears  Impossible  to  meet  both  density 
and  low  temperature  specifications  by  using  either  naphthenic  crudes 
or  hydrocracker  streams  as  a  JP-11  source.  Relaxation  of  the 
density  spec  to  30*API  (0.876  g/cc)  may  allow  some  of  the  samples 
examined  to  qualify  as  a  marginal  JP-11. 
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Table  14 


J  A  A  ANALYSIS  OF  EXTERNALLY  GENERATED  JP-8X  SAMPLES 


Analysl s 


USSR,  Project 
Stab! ema tel1 ) 


Sun  Oil 


Sun  Oil 


Section  VII 


Recommendations 


Based  on  the  findings  in  this 
recormended  to  more  accurately  assess 
of  potential  high  density  jet  fuel. 


study,  additional  work  is 
the  availability  and  quality 


V.V.s  .v.\  V  „ 


A  crude  oil  survey  of  major  import  crudes  should  be 
conducted  in  order  to  determine  foreign  availability  of 
naphthenic  crudes.  Samples  would  be  procured, 
fractionated,  and  evaluated  as  JP-8X.  Limited  upgrading 
(hydrotreating,  cl  ay  treating)  would  be  conducted  on 
selected  samples. 


Large  samples  (1000  Bbls)  of  present  streams  that  meet 
JP-8X  specs  should  be  procured  and  submitted  for  engine 
testing.  The  best  candidates  appear  to  be: 


Shell  (Martinez)  hydrocracker  intermediate  stream 
Texaco  (Port  Arthur)  Manvel  Crude  straight-run 
Tosco  (Avon)  hydrocracker  recycle  stream 
Texaco  (Delaware  City)  hydrocracker  #2  fuel  oil 
Tosco  (Avon)  hydrotreated  SJV/ANS  straight-run 
(Samples  4  and  5  would  require  re-distillation). 


Additional  analyses  and  long  term  storage  tests  should  be 
conducted  on  the  samples  obtained  in  this  survey.  These 
analyses  would  consist  of  lubricity,  gum  content,  heating 
content,  elemental  analysis,  surface  tension, 
neutralization  number,  and  mass  spec  analysis.  If  not 
already  performed.  A  second  set  of  samples  should  be 
obtained  In  about  six  months  to  determine  stream  or  crude 
varl ability. 


Additional  hydrotreating  tests  should  be  performed  on  the 
California  crudes  (San  Ardo,  Beta,  SJV)  In  order  to 
determine  the  minimum  treatment  required.  An  evaluation  of 
the  latest  HA  catalysts  could  be  part  of  this  study. 
These  data  are  needed  because  the  California  crudes  are  the 
largest  naphthenic  crude  resource  but  cannot  be  used  for 
Jet  fuel  without  significant  upgrading. 


The  variability  of  light  cycle  oils  and  the  Impact  on  JP-8X 
quality  should  be  examined.  Three  LCO's  from  different 
geographic  locations  and  originating  from  different  crudes 
should  be  hydrocracked  In  a  pilot  plant.  A  second  part  of 
this  study  could  be  to  evaluate  aromatics  saturation 
catalysts  such  as  Shell  614.  This  stu4y  could  make  JP-8X 
production  by  hydrocracking  a  more  predictable  process. 


A  more  comprehensive  refinery  search  should  be  conducted  to 
find  and  quantify  Internal  naphthenic  streams  that  could  be 
used  as  0P-8X.  Maqy  such  streams  should  exist  in 
California,  but  refineries  with  lube  or  asphalt  plants  may 
also  contain  such  streams. 


The  tentative  JP-11  specifications  will  have  to  be 
altered.  The  density  and  low  temperature  specs  appear  to 
be  mutually  exclusive. 


v  -•  v'v'v  v 
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STATEMENT  OF  WORK 

Subcontract  G-9046  (8827)-544,  Battel! e-Col umbus 


TASK  TITLE:  High  Density  Jet  Fuel  Supply  and  Specification 

TASK  OBJECTIVE:  The  objective  of  this  task  is  to  perform  a  ouick  survey 
of  domestic  crude  oils  which  may  provide  an  adequate  straight-run  high 
density  jet  fuel;  and  to  provide  a  comprehensive  search  for  refinery 
intermediates  which  could  constitute  a  high-density  jet  fuel  or  an 
easily  processed  precursor  stream. 

TASK  DESCRIPTION:  In  order  to  Increase  the  range  of  military  aircraft, 
high-dens i ty  kerosene  type  jet  fuels  are  being  considered  by  the  USAF. 
Fuel  density  is  determined  by  molecule  size  and  type  and  can  only  be 
altered  by  chemical  processes.  Therefore,  hlgh-der.slty  fuel  will 
require  tapping  different  hydrocarbon  sources  or  product  streams  than 
are  presently  used.  This  task  consists  of  two  parts  and  are  delineated 
below: 

Part  I  -  Straight-Run  (Virgin)  Fuel  From  Naphthenic  Crudes.  The 
researcher  shall  identify  ten  cancidate  naphthenic  crudes  as  well  as  the 
availability  and  geographic  distribution.  The  researcher  will  procure 
samples  of  the  crude  and  refinery  straight-run  product.  If  available. 

The  procurement  samples  are  to  be  fractionated  on  a  true  boiling  point 
(TBP)  apparatus,  taking  cuts  at  360*  -  520°F  and  360°  -  700#F.  The 
samples  will  be  screened  by  analyzing  each  fraction  for  API  gravity  and 
specific  gravity,  viscosity  at  -4°F  and  freeze  point.  Of  the  three  best 
samples  in  the  360°  -  520°F  fractions  the  researcher  will  perform  ASTM 
D1655  Aviation  Turbine  Fuel  Specification  Tests  (Jet  A)  for  total 
sulfur,  smoke  point,  flash  point,  D-86  distillation.  In  addition,  mass 
spectral  analysis  for  complete  structural  Identification  will  be 
performed. 

The  researcher  will  evaluate  all  analyses  on  the  three  samples; 
compare  the  results  with  the  Jet  A  specifications  and  make 
recommendations  on  how  the  failed  tests  could  be  passed  (l.e., 
adjustments  in  hydrotreating,  blending,  different  cut  points  and  or 
other  chemical  processing). 

Part  II  -  Light  Cycle  Oil  Derived  Jet  Fuel.  The  researcher  shall 
perform  a  refinery  survey,  locating  and  determining  availability  of 
hydrotreated,  hydrocracked  light  cycle  oil  cuts  at  360*  -  520°F.  After 
the  survey,  ten  best  candidate  sample  products  with  the  following 
characterises  will  be  selected:  a)  total  hydrotreated  or  hydrocracked 
liquid  product  and  b)  fractions  within  the  required  Jet  fuel  boiling 
range.  If  the  ten  product  samples  do  not  fall  within  the  desired 
boiling  range  of  360°  -  520°F  and  360°  -  700°F,  a  TBP  distillation  will 
be  performed  to  obtain  the  desired  boiling  range  fractions.  Both 
fractions  will  be  screened  by  analyses  for  API  gravity,  specific 
gravity,  viscosity  @  -4°F  and  freeze  point.  After  screening  the  samples 
In  the  360°  -  520°F  range,  the  three  best  candidate  samples  will  be 
further  analyzed  by  ASTM  D1655,  (Jet  A)  for  total  sulfur,  mercaptan 


sulfur,  smoke  point,  flash  point  and  D-86  distillation.  In  addition, 
mass  spectral  analysis  for  complete  structural  identification  will  be 
performed . 

The  researcher  will  evaluate  all  analyses  on  the  three  samples; 
compare  the  results  with  the  Jet  A  specifications  ard  make 
recccmendations  on  how  the  failed  tests  could  be  passed  (i.e., 
adjustments  in  unit  feedstocks,  blending,  hydrotreating,  and 
hydrocracking). 

REQUIRED  REPORTING:  1.  (TOR)  Technical  Operating  Report  DI-S-30559M*. 
This  report  will  cover  all  aspects  of  the  task,  especially  analyses, 
comparisons  and  recommendations.  2.  Regular  telecommunications  with 
government  focal  point. 

Schedule  (Desired  start/stop  dates):  01  Kay  85  -  30  Sep  85 

700 

Dr  Mark  T.  Atwood 
(303)  425-6021 


Estimated  Researcher  Hours: 
Recommended  Researcher: 


Location  of  Effort: 


J  and  A  Associates,  Inc. 
18200  West  Highway  72 
Golden  CO  80401 


Government  Focal  Point: 


C.L.  Delaney  (513)  255-2460 
H.R.  Lander  (513)  255-4027 
AFWAL/POSF 

Wright-Patterson  AFB  OH 
45433-6563 


This  is  Task  #4  of  contract  F33615-84-C-2410  (BAT) 
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J  5  A  HYDROTREAT I NG/I fYDROCRACK I NG  CAPABILITIES 


Hydrotreating  Equipment 

We  operate  one  hydrotreater  pilot  plant  that  contains  two 
independent  units  in  parallel.  These  units  can  be  run  as 
hydro treater/hydrocracker,  dual  hydrotreaters,  or  linked  together 
for  larger  scale  hydrotreating.  (See  attached  figure.) 


Reactor  size:  Each  reactor  has  a  volume  of  200  cc  that  can 
be  decreased  to  100  cc  by  internal  spacers. 


Feed 

Throughput:  For  a  single  reactor,  40  to  400  cc  of  oil  per 

hour  may  be  fed.  With  both  reactors  in 
series,  this  rate  can  be  doubled. 


Feed  type:  We  have  run  diesels,  VGO's  and  coker  gas 

oils.  Resid  processing  may  be  possible 
depending  upon  resid  quality. 

Pressure:  Pressure  vessels  and  reactors  are  rated  at 

3500  psig.  Tubing  and  fittings  arc  autoclave 
(20,000  psig).  Normal  operating  pressure  is 
1350  psig. 


Temperature:  Normal  reactor  temperature  is  650-750°F,  but 

substantially  higher  temperatures  are 
obtainable.  Heating  is  by  external 
resistance  coils.  A  cooling  air  circuit 
fine-tunes  temperature  control. 


Hydrogen 

Input:  Gas  cylinders  are  used  in  conjunction  with  a 

boost  pump.  A  hydrogen  recycle  system  is 
available,  but  is  rarely  used. 

Product  Split:  A  high-pressure  separator  produces  a  purge 
gas  stream  which  is  metered  and  analyzed. 
Liquid  product  is  depressurized,  stabilized 
in  a  debutanizer  tower,  and  metered  and 
analyzed  as  vent  gas  and  liquid  product. 
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Hydrocracker 

Recycle:  In  the  hydrocracker  mode,  product  oil  may  be 

continously  fractionated  at  400°F,  and  the 
400°F'f  recycled  to  extinction.  Tins 
procedure  limits  fresh  feed  rate  to  about  60 
cc  per  hour  and  requires  extra  time  for 
line-out. 

Catalyst 

Sulfiding:  This  is  normally  done  with  DMDS  in  diesel  and 

requires  as  long  as  five  days  of  continuous 
running . 

Test  Runs:  After  sulfiding,  feed  is  run  for  about  four 

more  days  (24  hours  per  day)  to  stabilize 
yields.  Then  a  12  or  24  hour  material 
balance  test  is  performed,  and  run  conditions 
are  changed  for  subsequent  tests.  Each  test 
at  different  conditions  requires  a  line-out 
of  one  or  two  days. 

Hydrotreating/ 

Hydrocracking:  Normally,  hydrocracking  is  a  two  stage 

operation,  H/T  being  required  to  protect  the 
H/C  catalyst.  By  using  both  reactors 

simultaneously,  this  scheme  may  be  used.  Or, 
two  H/T  tests  may  be  performed  simul¬ 
taneously,  followed  by  two  H/C  tests  after 

catalyst  switching. 


A.  FCC  pilot  plant  (ARCO  LAB  unit). 

This  unit  may  be  used  to  evaluate  the  hydrotreating  of 
FCC  feeds. 

B„  Twenty-five  gallon  Batch  Still  and  S  gph  Continuous 
Vacuum  Still. 

These  may  be  used  to  prepare  feedstocks  (up  to  1050°F 
£-P. )  from  crudes  or  other  refinery  streams. 

C.  Full  analytical  capabilities. 

Oils,  gases  and  solids  can  be  analyzed  in-house  by  our 
well  equipped  laboratories. 


OTREATER  PILOT  PLANT  (REACT 


APPARATUS  USED  TO  PRE  PARE 

-  hydrotreater  feedstock 


(  25  GALLON  BATCH  STILL  ) 
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